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m m m 

•^f3i3^f^\zm^xm^M-^tix\f^^'^ u ^m«L -%m-^ u -^--c^si^it. mm. 
iz\-ij^-mMtD-%mi()^^Kf. v-mM^z^^^x^^v^-mm^BM^ mm<D 
^m^iivxm.^B.^i)'^M^K)'D'o$>^o uh\^^^n(Dmmz:^\f^xh. mmtc 
^%m\z\'m\f^yt^mmii)m^'^n^o^^^nx^^o 

^f^mz\t.%mm^^vtmf3iEm.m^mm^<^MT^w^m-^mtEh. 
^^mr^>rc%mmitm(o^^zmt^zmmi\:.m^<D%<D^;^^o mxu. L-am^ 

^^^K^M^'&^W^^tVX'L actbacillus delbruec 
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k i i^.*;fe:D-?LI^&^^^<^]S$-&'&^^i^<i:bxspo r o 1 a c t o 

bac i 1 iusm(Dm±mmi>m&nx\f^^o EcDm-^hmMowmmum^ 

m^^mm LxWL^m<DW^m^^'&m.m'rn\t. 310 ftm^mo^m^wm^ 
\zmm'r^zhf)^'^mi^ni'Dx^rzo r^rm^mz^t. m^'f-mmm^ao^^v 
f3im^mzxh^m\zmmx^^mx\t.i3i<s ^mrn-^^^MfSiaTt^^m^m 

'^z:ti!)mmx$>^o ^\zmm<Dm^'^mm<D^B^<Dj^x\tx.>'jLV}=.7 • ^ 

Change (Chang, D. -E. , et. al., Appl. Environ. Microbiol., Vol. 65 (4), 
PP1384-1389 (1999)) X'>xU t7 • 3 U®3f:X7iNb^>XT'fe:5^7-if (^^^ 

Tp t aa:iii&TSj:^:3&«»§).JttK*X3h:xy— ;vtr;i/if>i^:^;vji^^>'^--if 

(OTP p c tm'r^ztfj^^^)(D^mmmm^ 5 ri^t^ y 
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^Z.tiZ^^ e 2. 2 g/'L<DD-?L^S6 0NpKT^S$1±TVi^o CIOI^© 

Z h o u e> (Zhou,S., et. al., Appl. Environ. Microbiol., Vol. 69(1), 

PP399-407 (2003)) tf;i/^- hJfc;!/^- h U T-1f (OTp f 1 iiSS-Teii 

/&^a&§), :7-7;uM 1/^5^^7:5' -if (OTf r d<hiBS^::t;{>tabs)> T;i^n-;i// ^ 
mv. Jin& 5 %®i/;n:-xs^tf^iaM^«&Tjl^^#Tic:T i 6 a^r^^ 

^mmamz^m-^'^^z.hizjitm^vxi^^^afi. ±mm^o. 2 9g/L/'h 

)v\£>wt(Dw\±^M^hmz^^^z:t\t^Bfsi^hx}t.f3i\f^o -'mz\d)i\d>m 
i!)tmM'ey'7-mm\z^nmiii^x^^nrcm'^iz},ts ^^j-^-M-^mm&T'r 

^t\f^3m.^\t^Mzf3i-^nx\f^f3i\f\ 

:^#i^«6 2. 2gyix$>K)< ^(D^mmm^te ommx$>^rco l-^ 
m<DiLmt±M\zm\i^ ^nx\f^^^mmi^tdiS.^^m<oi. -%m^Mm^wmM. 
1 oog/LJ^±;&i':^^llNFr^2 4NfW£ilF«gTfes^:^:^#l:•rn^^. xv'xu 
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mx\tfSi < li?®^ff "5 tf^^X^^o mm(D^ -5 ;^m^^^#:*t^ViJ^^{ClSf3 , 

:kmmtMnv^)V(D^)>mt(D^\z^x>jL^}v^— (atp) 
#e»n^ji7c:^ (NADH) ^m^^x^ws.EcDMTm^mm^^M'r^o ^<d 
J: ^ iiM^f)-^^. mko^mmz^^Ti-%m%m\-mEm%m^xnt>nx^^ 

m^^^^f)^. z.n\^m^(Dmm.mm\zQ;^^x-\-miM^m^m^'r^(Difi^^ 
x^K>. mi^^nmM^mn.'^ur^m%xn'DX\^^^mx^^o \.f^\ymn<o-x. 

. yu:^^- (^TCSL<i:lil&-r2:i:5&^2fe-5) ^©4'Jcti^M%i:3^'5W^mfcttT 
^^SL-^m5rbHD'ir:^-1f (OTl 1 d <hlilSf ^a^^i^TT^ 

iioisM^ii'^iS.'^tlX^^^o T)^t>-& C o n t a g 6> (Contag, P.R., et. al., 
Appl. Environ. Microbiol., Vol. 56(12), dp3760-3765 (1990)) p f 1 
^X$/xU bT • :3 Ui^*^3 BinM(D%m.^^^t^(D\zn\^X. p f 1 
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T>-mMy^\^\^u^i — ift*. mmm\zM'r^^w^(Dm^^\iz^'DX. nad 

YangS) (Yang, Y.T., et. al., Metab. Eng., Vol. 1(2), ppl41-152. (1999)) 

«i dhAm^i^^m.^ii^Ajrdmm^^^-t:x,-y:c^)}^r ' ^vizmx^r^z. 

f 3^fe"^X'>a:UbT • nUlC^feV^Tl (XhAm^<D^it\Z^f)s Dr-%m 

— ;t e> CBimch. PK, Microbiology, Vol.l43(Pt 1), 187-195 (1997)3 
(Dm^\Z^tl\t. X->3iU tiT • n U fiJfE 1 d h A3t>^-5^®^3^^^3^— 

tit^^) ^izmm\Z'Mmmm-^-^rzmtVX\-±. Lactobacillus 
helve t. icus 1 d hO^^^^Jt bT3 y :^J— e> CKochhar,S., Eur. 
J. Biochem., (1992) 208, 799-805] "^Lactobacillus bulga 
ricus*5l51dh (D^MM tVX:2yt!--^ CKochhar.S., Biochem. 
Biophys. Res. Commun., (1992) 185, 705-712] (D^^fj^^f^n^-^^. V^-Ttl 

(Dm%^n'^'^itmm<Dmmit^f^&n^m^nih<Dx$>'DX. D#:'i>tf;i/t?> 
m<DmmM\z-o\,^x<DnmtwMx$>^o 

f lSft^:^«ibS?^ti{£il^^b$1±, R-D l d h A^ttSrSHib 
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mn'^^^-^Zi^t:>^i&^^^it:^^iiVX. So 1 eme> (Solem, C. et. 
al., Appl. Environ. Microbiol., Vol. 68(5), pp2397-2403 (2002)) tim^Vtc 

bTM^fi^-r^C^iJ&^l^^^nTViS, 3i5feic:feViT, S h a we>«d 1 d7&^fi$^ 
^tl-^±mMWJ S150^iJS151 &^#bTVi§dt, -ene>©t5|cfc:fett^ 
T>-%m^M^^^)V\f>m^M^\Z'Z>\f^X\-mi^hX\f-^f3i^^ (Shaw, L., et. al., 
J. Bacteriol., Vol. 121(3), ppl047-1055 (1975))o ^fcB a t n e s ^\t. d 
1 dii^m^ (DTS. ym^B^(D'^r)'^^\zmt>'oX\f^^ i:fg^LTl^^*t 
(Barnes. E.M., et. al., J. Biol. Chem., Vol. 246(17). pp5518-5522 (1971)h 

B-fLm'^\:^)v\f>m.(D±m^(omt>y)\z-::>^^x\tnRiyx\^^fA\f^o 

netic Stock Center (CGSC) ©7^— XTd 1 d 
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f l<D2m^^M<0^M^^'^t. Ma t - J an^oWsX (Mat-Jan, F., et. 
al., J. Bacterid., Vol. 171(1). pp342-348 (1989)] i)m^mi^tVxmtl-^ 

■ n§*t, mmzm^vtai^^. zKomxKUd i dtp f i(D2mm^mzm'r 

. :2;\^m(D^^^^±\z^^^ZLiif)mmxh^z.t^n.iii\^r^o bj&^b^fe^^: 

md \i^'^^^(fm^\zm\^X\%. 1 9 7 0¥©C ourtrighte.® 
^:S:Jc:|9^$nTVi§ (Courtright, J. B. et. al., J. Bacteriol. ,::Vol. 102(3), 
PP722-728 (1970)), ^©M^F^Wf*. md h^14*^:i^«<k;$nfcX>^a: U hT • 

^ T X A' ^ ^ >m ^SS* bx 7 n A ^7 ^{c?tns^!^(D 2 a^)0^a& D > 
nSJlt&l»WbTViS„ J;oTCou r t r 1 gh t h(D^'X\t.. mdhjgtt 
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-^ntcmmizm-r^ho'v^^ mm^i 1 - 0 5 e 3 e :^wmtm 

;^X'<'XT©^B;^^il3^^tlTViS (Dreyfus, L. A. , et. al., J. Bacteriol., 
Vol. 136(2), PP757-764 (1978)). Vf)^Lf^ifi&. 2^il:S:cO^©«. a s pASftt 

#fF^Ml l-0 5 6 3 6 1^^$g ' 

##fF:*:itl : Chang,D.-E., et. al., Appl. Environ. Microbiol., Vol. 65(4), 
ppl 384-1 389 (1999) 

4¥^WXW<2 : Zhou.S., et. al., Appl. Environ. Microbiol., Vol. 69(1), 
PP399-407 (2003) 

0WfirXtBk3 : Contag. P.R., et. al., Appl. Environ. Microbiol., Vol. 56(12), 
PP3760-3765 (1990) 

0WWXW<4 :Yang, Y.T., et. al., Metab. Eng., Vol. 1(2), ppl41-152 (1999) 
##ff:S:SR5 -.Bunch, P.K., et. al.. Microbiology, Vol.l43(Pt 1), ppl87-195 
(1997) 

^Wff'XMe : Kochhar. S.. et. al., Eur. J. Biochem.. Vol. 208(3), 
PP799-805 (1992) 

WWff'XMT -.Kochhar, S., et. al., Biochem. Biophys. Res. Commun., 
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Vol. 185 (2), PP705-712 (1992) 

i^Wf^XWtS : Sol em, C, et. al., Appl. Environ. Microbiol., Vol. 68(5), 
PP2397-2403 (2002) 

t¥^ff-XWt9 : Shaw, L., et. al., J. Bacteriol., Vol. 121(3), ppl047-1055 
(1975) 

i^^m-XMlO : Barnes, E.M., et. al., J. Biol. Chem., Vol. 246(17), 
PP5518-5522 (1971) 

i^^WycMl 1 : Mat-Jan, F., et. al., J. Bacteriol., Vol. 171(1). pp342-348 
(1989) 

2 : Courtright, J. B. et. al., J. Bacteriol., Vol. 102(3), 
PP722-728 (1970) 

^#ff:S:i^l 3 :Dreyfus, L. A., et. al., J. Bacteriol., Vol. 136(2), pp757-764 
(1978) 

rcD-%m±mf&^m^T^^tiz^^o 
:i^mm(Dm(Dmm\t. ^y^timMmmmm^mv^x%m^^mm}iz^M'r^% 

^m^>xyt^mm<Dm^^%m^^mm\z^m'r^%m(D^m:&m'&m^'r^ z. t 
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-h'^)V:^-hVr-'^ (p f 1) tS14*«^fllfl:abSVitt<£M'ft:$n> *^ox-> 

xUtr • 3US5!5NADH^#ttD-?LM^t Hny^— if (IdhA) 

mz^m^^u. m^mmmm^\zw^^^}d)v\£>m<D-m^. mmza i 

dlc:^oTD-^M50^^^^$nTVi^;ii^^fflb. $e.{Cd 1 d3te^3&t^ 

ii^^n. E.'^d 1 d^m'S'i!)m'mm\z^mi[:$>^\f^\mm-^nt^w^m^^m 
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s p A) ^tt3&t7f:flffl:^/b}4|£M<t:$ nx\f^^±mm^m^m V^S n t tc: J: ^ t, 

C 1 ] tf;i/^- h u T-if ( p f 1 ) ©^«>*^«^bfe^ v^ti^M^fk: 

C=3] Xv'oiUbT • nU*«MT- 1 0 9=3 4 (PERM BP-1 0 0 5 7) 
hA) ^14;&tiigi{$n. *>otf;i/^-h3i^.;i/^-hUT— ^ (pf 1) 

c 2 @M£Ji±<^)T^ /mnimM^nrcmmxmm'r^ ciz^mmtt^. C4] 

C7] ^m^<^d^*5l5WbTV^5FAD|fe#ffiD-5^,^5*fcHay:^-if (d 1 

d) mm^^f^i[:.$>^^^^'t^mt-^n^w^mx$>^Xs tf;i/^-h*;i/;p<-H 
uT-if (p f 1) mm^^ith^i^^^ti&mit'^nxi^^^. ^•:?/*fej*x>' 

xUfcT • 3U*5l5NADH#:#1^D-am7^fcb*Dy:t— if (IdhA) 
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^\zD -%m^^0mmf^ l ^mm^ e. d - am&r^-ii-r ^ z. t ii-r 

Cl 2] FAD^fe#14D-aMxbHDy:^ — -if (d 1 d) ^i^ji^^-fb^SVi 

C13D (12] \zum<D:^^o 

C 1 4] il#5&^x>-a: U bT. • U C l 3 ] {;it3mo:;^i*o 
Cl 5) m^i^<3!:)^7'/ A_hlc:*5ViT. X'>xUtiT • nUSJlSONADH^fe^ft 
D-am7^t:HD'^:J — if. (I dhA) Hf^jt^*^. ^tl^. ^Mfe 

^m^j(,^tr^ym^'^^^^zmt>^m&m(Dmm^m^m^'^(0':fn=i:-'$^'- 
^mm'r^^t'vmNADH^^^D-%m^}^\^u^'-r—^ d dhA) 

C 1 6 ] «^ti7&^x->:c U ty ■• n U Tfe^ C 1 5 ] \zBWi<om^^o 

C173 ^m^Wt:^5l5WL'TV>^tf;V'^'-h>i^;Vp^-hUT— tf (pf 1) « 

5 Cl 5D xt* Cl 6] \zmm(Dm^^o 

C18] Xv'xUbT • 3U0DyyA±tc:feViT, X'>x U bT • U **®N 
ADHfe#'^§D-?Llt^bHDy•:^— if (IdhA) S3- H-rsai^-?0:?^n 

m^^^^\zmt>^mmn(o^^^m^m.m'^(D:fa=e-:$^'-^^m'r^ z. 

MNADHfe#'ItD-?LM7^bHD>J;':^-if (IdhA) *^3l-rSX'>xU b 
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(p f 1) Sft*t^«{b;a^§Vit*<£msnTVi§, j.:p/^;rctiFAD^fe#tt 
D-?imxbHn^*:J— if (d 1 d) SttdtTp^-fb^sVi^mM^b^nTl^S^l 
t^WWLt-r^ C18] Xti C193 (CtBm<^X>'xU tT • 3Uc 

C2 2] TCA|Hli^^WU> aoU=>^M-xt tf (mdh) 

-If (p f 1) ?g14/?)«^«^b2fe^ViJ*i£M<k;^^TViS, S.'CJ/SifeitaiFAD^ 
^I^D-^m^^tHPy^-if (did) ^tt;?)^^fg>ft:fe§Vii*<gM^fe;^nTVi 

C2 3] Mm^1^J&^2^5l5*"bTV:k§TXn7^>mT>^XTUT-if (asp 

A) mm^^^it^rc\^^mit-^nx\^^^ C22] tcism^^^^i^o 

C2 4) m^i^^^JSHU'e^S C2 2D Xti C2 3D ICtamcD^^i^. 
C2 50 JfflTO^Xv'xUbT • C2 4D JCiamom^*^. 

C2 6)X$/acUtT-3US5fe©NADH|fe#'l4D-?Lm5^bHny'^— if (1 

dhA) f^m'^m^^nxif^^ C25] {ciBmc^m^«^o 
C273C223'-C26] <DiBini!j^-'m\z$d,m(Dm^m^^m^m^^xmm'r^ 

C29} sm^^TT^«-rS2li:^^^i:t-§ Cl] ~ C6]. Cl 03 ~ Cl 
43. C213, C283 (Dmni!)^—Wzf&m<o%^(O^M:^^o 
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tf^^^T^^jitsr^ifctTs C2 9] \zmw^<o%m<D^m:^iko 

4], (21). C28] ~ C30D ©<ern)&^-']glC|Bm®^M©^jg:SF^o 

m^noD-mMmmm^mm-v^^^'^^ztji^o 

fsi^o mzTCAm^±-v^m-^n^^m^&.{^<^it^^^i:Mmz^m'r^z:^ 

mi\ts mMm2 o\z:^n^mmm^<DD-%mmmA(Dmm^i\:^^vtc^ 

^7T^5o 04*. H^^SMG 1655ApflAdld^ (HWJ 15)®^ 
mmtUG 1655ApflAdl d/pGAP 1 dhAW (MMmi 8) 
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(Di^^^.%JitUG 1 655ApflAdl d/GAP p 1 dtiY / J>.W^MiM 
mm 1 9 ) ©j^r^^^t* o 

S4». -h^«A p f 1 A d 1 dW<DB^^^ %^tA p f 1 A d 1 d Am 
d h.m(Of^^^^ =^»A p f 1 A d 1 d A p p c ^©1^^*, pg^f^A p f 1 
A d 1 d A f r dm(DB^'&^'to 

^:7T*So Bltf. +^«A p f 1 A d 1 dl*CD^;^^. i^\tA p f 1 A d 1 d 
Amdhm^om^'^. ^mtAv f 1 Ad 1 d A v> p c m<Dm^^ . ES^^Ap 
f 1 A d 1 d A f r dmo^m^^^-fo 

'V$>^o m^. i^itAv f 1 Ad 1 d.AmdhAa s p|*(D^m<&. =^«Ap 
f 1 A d 1 d Amd h A a s p/GAP 1 d h A^y AJf A^O^m^» mM\t 
A p f 1 A d 1 d Amd h<5|c<DJ^:^&^To 

^:7T^So .^4'. 5itLf*A p f 1 A d 1 d Amd h A a s p^O^:^^, 
. Ap f 1 Ad 1 d AmdhA a s p/GAP 1 d h A^y A#A**©^:^.&> K 
:^«A p f 1 A d 1 d Amd h^Oj^^Sr^l", 



u. B.) mmmm^m^\zmmvrcmmm^2. 3. i. 5 4(^:5^'^$ 
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^mW^:^i^:r. U tT • 3 U MT- 1 0 9 3 Atm^X^^o 

±IBMT- 1 0 9 3 4.«-rTjcp f 1 ymmimyx^x^^^^^t.ifimm'^nx 

FERM BP-1 0 0 5 7 tbT, ^Mmo< «rlrmiTB 1# 1^**116 

^Itpi \ (O^mMWmt.. MT - 1 0 9 3 4lC«H f r C(D'i&m.ifi^^rc^ 
^'MiO^Y -(D^^^%-Z>m^n> mX^SMGl 6 5 5. W3 1 1 OiS.Eizl.B^ 

■rnt^ j;vio p f 1 ^mmM%^m\zfiQ^^x. m§£mt.\m\^x^m(o±mm 
i)my\^x\^^<ox^n^^^m\zwsi't^^iiX'hymx^^o 
imm<Dmmhn.. mm^m^^xi^nmz.^^^mi^mm'r^z.iix^^bo 
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^lid^^SM'ftl^tlifcMT- 1 0 9 3 4§^ffl-rS«'&tt. :©^?am»2 O'Cd^S) 
aOH, NHg^TG. 0:^^&7. 2. J:t)iff^b<t^6, 5 e> 6 . 9 THIS 

• ^fe. p f lffi14?&^^fi5<b^n;feX'>xUfcT • nU^^^MGl 6 5 5©p 

pHT»;^OD^mtt^#e>tl> :^*pH«6. 936^^7. 4. J; D^ffSb < «7 . 
l;&^e»7. ST^S, :^^iaS«MT- 1 0 9 3 4 j;DiiiiaT^^f 

• :^«{ci^bT«5i^«ia^. pH. 51^^^. }immm-^mm\^n^^m^ 

MT-1 0 9 34«. pH7~7. 5 ©p HM^T^m^^^^-T^ Jl ^5&^^S 
Otd^UTMGl 6 5 50p f 1 a^^fil^:g^-e«> 
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m^^^ZMT- 1 0 9 3 4<DJ;^'^\Z^Wt<0^mi>mm-^nrct^\t. M^(DmM<D 
ISji{C^bTJ*^J&<DpH$4'ttJ;0^^mi4#JTM^b> MGl 6 5 5®p f 

;Ht;bfc^^gT§;^^. mmmm^^zmm'r^:^^ -(:t>^m:^^AX'^m 
.= ^ffl-e^«>. "^it. :;^m^<D:^mizi:.y)^M-^nfcmm'^. WiM<o^M\zm\^t:i 

-s^^g^lCcfettSXi^xUbT • 3gfi5{5NADH'fe#ttD-31M5^t:H^y:^ 
-if (IdhA) t\-t. \f)V\f>mtNADHf)^^T>-%mtNAD^^^-ir:S> 
X.>':juV\i7 • aVJ^M<omMXh^. :it#:WtCt*Bun c he> (Microbiology 
143 (Pt 1), 187-195 (1997)) :f&t^#bfe3te^. */5:«X'>ai U tT • 3 >J (D • 
y y ADN A^^M{:i@H^J#^ 3 J:OT??!1#^4 <t P C RfC J: Oiti|i$nS 

2^!^BJ(c:i3<.^T 1 d h A^'l4>&^'Ji3t$n;fet«. 1 d h A^n- ]<f ^51^^ 
OfeWittc 1 dhA&n-F-rs5te^J:0«feig$ns^mcDflH43&tiiJnb;fe4^ 

m^mto 
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mit-^nrcmmomtvx. ^^^ajuss^jBam^MT- 1093 4/pg 1 y 1 
T— (pf 1) <omm'^mit^^\f^\tm.mi[:-^nrc^^u%m^mmm^2 

*^^ic:feit§ 1 d h Am^^m^T^:^m.(o—-D t ut> 1 d h ash— h 

j,tr^ym^^mmizmt>^m&m(D^m^m^m^^<D'^u^-^-tu. ti 

bHn^>'^5^;i/h^>X:7x^-if (g 1 yA) :/D^-^— 

z.<D^^\zvxm^n^mm\t. m^^WTxi:i-%m^^M-^-^^m\z i dh 

2|s:^HJlc*3ttSFAD^fe#14D-?Lm5^t Hay-^-- if (d 1 d) t«> D- 

i^Bm\z:^n^w^mt\t. T>-%m^mm^m^^^^mx;^n\m\zmm. 
\tfsi<. D-%m&Mm^m'^f3:\^m^mx^'DX%. jsr&d^©efe^^ip;isji 
t\,z^^xD-%m^Mm^m'r^^'^\zf3:'Drcw^m^^^tSo 

i^mm\z^\-f^d 1 dmm^^mi[:$>^^^}mmi\:'^tix\i^^. R-ox^ftu 
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^^nxlf^^llt^WmtT^WL^mthX. X'>xU by . nUMT- 10 9 
94 (PERM BP- 1 0 0 5 8) ^Wll^'^^So 

-X. :i:^6<)lc«i^U-fe;i/T;Pxt:H3-U>m7^kHn^:J-— If (OTGAP 
DH^a^— ^— i^Ge nB an k accession number XO 

2 6 6 2 (DmsMmmmiz:is^^x. m^m^ 397-440 iciB^nTv^^o 

2t5:^HJlC:fett^ 1 dhA?£3-F'rsm'e^*^y/A±lC:feViT. «?i6Sl^. m. 

^-e^ 1 d h A^^31L/. p f 1 ^tt;^>^*^ig'fba&§V^«<£ 
M-fb^nxv^^. E.'ti^/Sfe^d 1 dfiH47&«:^^fi&^*sv^«<£M^t:$nTV^§c: 
t<Sr#ifca:-r'5i5[^#)iiL'Tt*> Xi/xU bT • 3 UMT - 1 0 9 9:.4 (PER 
M B p.- 1 0 0 5 8 ) i^<£^JSt-rs C ^/«>t-e^§. 
X5^xU tr • atJMT - 1 0 9 9 4m\t. 1 d h AS^^'^'^y A_bfc:fet^> 

TG A p DH:fu^-'i$^-tmmmzmm'r^ z. tx^m-^^x^ o > ^ftm^ 

^mmzJ;:V)pf 1 B. d 1 dj&t^M'fbbTl^^feJe). iin^fflViT^^lc:2|s:^ 

m^nm'r^^ti!)^'^mxis>^o ^mw\t. perm bp-ioo 5 so^te 

ll-rs:/i57'^;^h^«iiicSViT. ¥^1 6¥3^ 1 9 BJ;l9^f6$nTVi§, 
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:$i^miz:^n^ U >z!m^\i h'Dy:^— if (md h) izltM^^ih^m-^i I • 

u. B.) mmmm.^m^\zmmvrcmm^^i. i. i. 3 7\z^m-^n. u> 

^^M^tlTVi^^^tJ^bTti. X'>3iUkT • aUMT-1 0 9 9 4m^m^ 

^mmiz^n^rx/'^y^ywtry^E^Lrvr-'^ (aspA) tu. mm^ 
it^m^ (I. u. B.) mmmM.^m^\zmmhrcmmm^4, 3. 1. iic^^ 

'^\z^r)m^mmmmi!}^it-T^rcmz%m<D^m^^^mM^^<ommmm 

fSiE^mm^Z'AO^'^lzmM^k^^^^^^^^^X^^o M;^t^X->a:Ut:T • 
3UMT-1 0 9 3 4t5|c$ABLEaii^ai^MBMJ-0 1 ^CDittfefi^J/hMO 
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1 V vm~l V vm, UWM^S 0 r pm~5 0 0 r pm. <fc90*l/<J*. S 
ffiTO. Ivvm—O. 5 V vm. 0 0 r pm'-'4 0 0 r prnTB^ 

urns 0'CO7K^^^tbfeJl-&1^ffiT^^^i&5SS^^kLa7{>U h- 1£A± 

4 0 0 h - 1 tfSi^^W'T^m^.vn^mm^^^nmt'r^^W'^^^o 
^ft. mmf3.mm^n-(Dm(Dmi^tvxi,tMT- 1093 4m-^mm.mm'v^ 

^^^tP^ttlTMT- 1 0 9 3 4m^^mVrcmzl l O 0I^K£^F«3J-L- 

[^M-fi^j 1 ] MT - 1 0 9 3 4mz^^%m^M 
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mi 





10% 




5% 




0. 5% 




0. 3% 




0. 15% 




0. 15% 




0. 1% 


T7^;*7y— ;i/LG 1 2 6 : 


0. 1% 



D-%mo. 31%. L-^^o. 31%. mmr^/mo. 33%i^zf^mm<D 

tu^«<i:bT=:^:7^XnlcAtlfeLB Broth, M i 1 1 e rmmW. 
(Difco24462 0) 2 5ml fCXi^xUfcT • nUMT- 1 0 9 3 4** 

^mmv. -Bfei 2 0 r vm-vm^mm^n^tcm. i h^^mm cable*!: 
m^mmmBuj -od \z±^m.^(Dmm4 7 5 g ^xnr:ih<D\z±mmmv 
rcc mmitizm.Brf> mm.mo. 5 vvm> ^j^^itmi 5 0 r pm. ^mums 

l-C, pH6. 7 (NaOHTPlE) Ti^;W3-X;?>«^ikfcM^$n§*Tff o 
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^2 







MCI (w\ 1 d") 


111 1 X \J Zf 








on Bs/kgJ^^ 








0 1 






0. Dg/i^ 


A. Ag/ JLi 






QQ Q^PpDi 


QQ Q^PpDi h 






A 90-/T 
D. ^6/^ 


ll* 1/ \Vr» Li 


1 PI5C 




1.8g/L 


N.D <0. Ig/L 






2.'4gA 


N.D <0. Ig/L 






0.8gA 


N.D <0.1g/L 






46. 5g/kg 


58. 2g/kg 



N.D:Not detected 



MGi 6 5 5\tTc^^J:^> ' ^^':f ' :^)\^^^— - nu^i^B> (at 
CO J;DATCC4 7 0 7 6 tLTA^bfeo 

-fe U > t H b 7 >X :7 X 

(serine hydroxymethyl transferase) (g 1 yA) ^X2=E—^—^M^%'f^Tcib:k. 

1 bTffl i: J: 0 p c R^Tiiilib, # e>nfc:7 7 > h 
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^Ec OR I T^mb-r^CiTJ^S 5 0 bpOg 1 yA^D^— iJ'— ^a-H-r 

^mmmmBc oRiRUHi nd 1 1 i-vmiht^ziti^mi. okbpoi 

p UC 1 8 ^mmBMB c o R I SitJ^H i n d I I I Ttg-fb-r-S Jl i:T#e.n-g> 

m-rs iltlcj: D F p G 1 y 1 d h A^#feo 

#e>n;/^:/^X^ HpG 1 y 1 dhASXi^xUfcT • nUMT-l 0 9 34 

m\zT^nmm'r^^ii\z^y)mM±M'^MT- 1 o 9 34/pGi y 1 dhA^ 

pUC 1 8«T^U:^>'i5'-r:/;^;U5^Y-:3^^->3>a;DA^T#§A 
TCC3 7 2 5 3*^e)^i*lcJ:0fSfflTS^:^:l;iJ:D#e.ns. ^fe. MT-l 

0 9 34t!^J*. ±fB^ie#-^iC:«kl9. ^*Smo<f^rijmiTB l#l-^*t'^^6 

0. n±nwcmxmm^mm^mnm #ff^i^^te-fe>^-ic^^Ki 4^1 1 

C^»J3] am^H^MT- 1093 4/pGlyl dhAmz^^^M 

t&^^tbT=^:7 7X3{CVin:fcLB Broth, M i 1 1 e r^mU 
(Difco244620) 2 5ml fcglifS^J 2 T#e>nfe?L^^;S0MT - 1 
0 9 3 4/p G 1 y 1 dhAW^mMV. 1 Jc:|Bl50;6F^5fe-e^a^ffofco 
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^3 



D- 


SSI ifife^^S 


y 4 g / Kg mWBm. 






5 7 0 g 


m 




2. 0 g 


D 




99. 9%ee&,± 




1M$&5 0 h TmL<DD-mMmmm 


6 5.2 g/g 



Xv'oiUtT- 3U0DyyADNAO^*&SBB^J«^l?^D (GenBa 
nk accession number U 0 0 0 9 6), X5^xU bT • n U 
cdH;!/^— hJJ^;i/>^-h'JT-1f (OTP f 1 i:B?^>Jlt;&^*^§) Sn-Hf^ : 
jt'K^^i&SBaa^U'b^'&^^nTV^S (Oenbank accession n 
umber AE0 0 0 1 9 2)o p f 1 H-T^itfe^ (2 . 2 8 3bp) 

5 ' mm\Z S p h I ^i|gP&<&WbTViS, 

Xi^xU tr • 3UMG1 6 5 5^oy/ADNA<£, Current P r 
otocols in Molecular Biology (Joh nW i 1 
ey & Sons) $d,m(D-^mzJ;:^mmV. n^ntay/ADNA 1ns 
ia^J#^ 5 (Z)ii»iH^J&Wr-5 >^7-Y-7-a:@H^J#^6 (Dit^SB^J^WT^ 

?£Wrsr^^-rv— ±m':f'y^'^—DNA^^ l O O pmo 1 
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t^m^^X. M'^O^^XPCR^n^^tK^D^l. 8kb (OTp f 1 B 

-hmyrtmj^zit.f)'^^^) rzs. mi. skp (&rfi>fiB-Rm)^^tm^ 

T^m. miRb. p f 1 B-L^it^H i n d I I I ^XSS p h I T\ p f 1 B 

-R»fM-&sph iROT s t ix^n^enm^tvTco c(Dmitmh'2miz. u 

^i^^'Ity^XS H pTH 1 8 c s 1 (GenBank accession 
number AB019610) (Hashimoto-Gotoh, T. , et.al.. Gene, 
Vol. 241(1), PP185-191 (2000)) ©Hindi I IRZSPs t im^<^ii^T4 
, D N A U :ff—^XRft V Tc^. X->xUhT-3UDH5.a3>t!-T->h-fe;K^ 

AM:^) p f i B^^-H-r^jte^® 5 ' ±mmmmh-t 3 

[Hii^js] xi^xu tT • nuMGi 6 5 5^p f im^m^w<Di^m 

^iS«3J4T#/S::/^X^ FpTHAp f 1 <&XS^xU tT • nUMGl 655 
xX3-;V 1 0 M g/m 1 ?&^tf L B^^y h±T-^ig«b. 

#e>n:fe?^M^m#^SLB^:NfiT3 ot:T3i^r^35>e>— Bfe^^m, lb 
mi^mm^rc\t^m'0m-^xm^\z^^vx. i^D^A:7xxn-;i^i o/ig/ 
ml ^^tyLB^5cy^-h±jcm^bfeo :i(DLBm^^u-h^. umm^ 

HI 8 c s i/?>tW-rs^p^A:7xxn-;i/W'(*ate^3&t>^yA±fc#^ET^c: 

<h> :fe<fct;jp f 1 B^n-Ht-^3teTo5 ]s.tj?3 ' Mi&mmm 
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x:r3— ;i/&-^^J^l^iLB^#:^%2 oml ^xnfel 0 Om 1 ®;t>;/r7;i/fd'€ 
tJ/D^A^xZin-^I/^-^tyLB^^c^iNfiitC^W^-ar^ ^U=72^y 

x-n bfc. 

JfibTp f 1 ^3-H-rsatfe^:d^^«bfel5|cSr]lfeb. dtl^MG 1 6 5 5 A 
pf 1 Bt5^^:^^bfc. 

CI^JS«3I6] :«Jlf^ym^fflVv;feMGl 6 5 5 Ap f \mz.^^^M<O^M 
Str^^^ibT=:^l7^XnlCLB Broth. M i 1 1 e r ^^IK (D i 
fco24462 0) 2 5 g^An:fe%©Smi^fflmbfe„ JmicaH^MM 
.G1655> MG1655Apfl^. ^cktKMG 1 6 5 5 A p f. 1 ^Id^MI^J 
2Jc:|Bic(5!):?'^X^ HpG 1 y 1 d h AS^^tCck DM^ilAi/^MG 1 6 5 5 A 
p fl /pG 1 y 1 dhA©3Sm©M1**S«J>!rlC*imb, — Ife, 3 OTC, 1 
2 0 r pmTMi^^^^fT-pJitm. 1 L^OJ^^^f (AB L E^t]^:©«^gBM 
J -0 1) tc:a4l::^'r^«64 7 5 g^Anfe'botc^n^n^MMbfco :^ 
«t*:;'c^JET. S^ao . 5 v vm> Mi^3^^2 0 0 r pm, ^m^3 1 "G, 
pH6. 7 (NaOHTsiM) TSO^^^frofCo :^«^T^. #e>n:/^c^«?i^ 

Sr^ 5 iC^f o 
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^4 
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Glucose 
Na2HP04 • 1 2H2O 
(NH4) 2SO4 
KH2PO4 
NaC 1 

Mg SO4 • 7 a q 



M61655 



10 0 g/L 

6. 0 g/L 

6. 0 g/L 

3. 0 g/L 

3. Og/^L 

0. 1 g/L 

0. 5 gXL 

5. Og/L 



MG1655Apfl 



MG1655Apfl /pGlyldhA 



D-^m#^« 2 8 g/L 



5 8 g/L 



63. 7 sXL 



m^miivx^My^7.::i\zxnr^^n2 5 gtcMo lessv mgigs 

5 Ap f K :feJ;a?MGl eSSApfl/pGlyl d h A^giJ^ tCltMb. 
-ms ox:. 1 2 0 r pmTMf^^^&ffofe^, 1 J^^mmW (ABLE^m 
^^^MB M J - 0 1 ) tC^ 6 \Z^-r^m 4 7 5 g ^ Atlfe © \ZW\^ \z±&m 

mbfco :©««:'cmffiT> 3i^*o. 5 V vm, m.wmms 0 0 r pm, ^mm 

^3 St:, pH7. 2 (NaOHTia^) T 2 4 I^P^ff o i^^j^T^^ 
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me 


















o /o 


T'ftl y-)VhGl 2 6 




0. 1% 


mi. 




MG1655 


MG1655Apfl 


MG1655Apfl/pGlyldhA 




52g/L 








520g 


560g 


560g 




2. 5g/L 


2.5g/L 


2.5g/L 




l.lg/L 


l.lg/L 


0. 3gA 


mmmm 


2Amm 


24Nfl€ 





mmm s ] i^ij^;i/a-xa^TTO[)MG i e s 5 a p f i ^jc«fcs^M<z>i^ 
m^miivx=,My^7.a},z\,^nrcmmm2 s gicMoi e 5 5 ap f i 
0 1 <5[)^«=if ic^8 1 0 %~ 1 sx^xmt-^'i^rcmm 

4 7 5 g^Anfe'bOtC^a^tmbfc. mm\ti^^B.T> M^MO. S v vm, 
Ml^il^S 0 0 r pm, ^^iamSS-C. pH7. 2 (NaOHTPM) 
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©jsi^«H PLC x^^mz 






ms 

^^^^ 










199i< It^^C 
±^/o» xu/o 






0 ?a 


75't!/-)VhGl 2 6 




0. 1% 


^9 


^)in-7.mm 10% 


12% 


1 5 % 


d-mmmmm 95g/kg^i 


%m 112g/kg^ 


ISOgAg^^^ 


mmmmum seog 


567g 


580g 


m^mmi^mm. 2. sg/i 


2. 5g/L 


2. 5g/L 



[^SS^^ijg] MG 1 6 5 5 Ap f >XT-'r-::^U;^— mjn*<D 

mi 

0b, -effel 2 0 r pm^mj^^^SfT-pfcm, ABLE^fcia^^^MBMJ- 

0 i(o^mm\zmii o{c^-r:3~>xxw'-yu:^3-?t^^i~i o%*T^ib 

5 vvm, M*^ji^3 0 0 r pm, ^aiiams 5"C, pH7. 2 (NaOHTP 
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mmvTco m^^^i iic^fo 

^10 

^\^^m 10% 

CSL (B^^^^aitJiLW l%> 2. 5%. 5%. 10% 

;i/LGl 2 6 0. 1% 



m. 1 

CSL 1% 2.5% 5% 10% 

T>-%mm^WL 5 5g/L 9 0g/L 9 4g/l 9 6 g/L 

4i^p^T5 5 g/Licn^Tic^feVi^miiST^^o -fi^ffi D^^^^wn- 
\MMm 10] MGi655Apfi m\z^^m%^w\z^^mmM'&^(D^ 
m 

m^mt'ux^^y'y7.u\z\,^niti^mm2 sgicMoi e 5 5 ap f im^m 

mb. -Bfel 2 0 r v>mXm.Wmm^n^tzMi> ABLE^hM^^^SBM j - 

0 1 <Dmmi\z.m. 1 2 ic^r^ji&4 7 5 g^An:fe%>©jc^s*i^b;^o ^mt 
izMJET. m.m.^w\-miz\z7^ir^w. mmm.m.^sx:^ pH7.-2 (Nao 
HTiiM) T2 4NpFBifTofco ^#i^;pa-x«JtiJ^;i/n-7.c I i-xxho^ 
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SI 2 



y\^ry^ 12% 

CSL (B*:^ia^bxm) 5% 

Tx:?!?/— ;i/LGl 2 6 0. 1% 



SI 3 





1 


2 


3 


4 




0 


0. 5 . 


0. 5 


0. 5 




2 0 0 


2 0 0 


4 0 0 


6 0 0 


SI 4 


1 


2 


3 


4 


(g/L) 


5 9.4 


3 9.4 


2 1. 7 


6 7. 9 



\MMmi 1] MG1655Apfl/'pGlyl d h A^lCcJ;§n->;^-7^ 

mmm^\y'x^ny'77.n\z\i^ntc^mm2 sgtcMoi 6 s 5 ap f i b/ 

pG 1 y 1 dhA^*imb, — 2 0 r pmT^I^^^Srff ^fc^, ABLE 
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±mBErf. mm.mo. swm, MJ^ii^s o o f pm, i^^ia^ss-c, ph 

^15 



t/H^/IS 10% 

CSL (B^^-k^itJim) 1%> 2. 5%. 5%. 10% 



Tx:^/— ;i'LG 1 2 6 0. 1 



1 6 



CSL 1% 2.5% 5%10% 

T>-%mmm.m SSg/^L 9 2g/L 9 6g/l 97g/L 



\Mmmi 2] MG1655Apfl/pGlyl aYiAmz^^m%^w\z 

m^m.ii\^x^'^y'y7.u\z.\^^ntdmmw,2 s gtdMoi e s s ap f i 

pG 1 y 1 dhA<&*IML. — Ifel 2 0 r pmTMJ^^H^ff ABLE 
^fcSl^^^gBM J - 0 1 (D^imtc:^ 1 7 fc^f ^^4 7 5 g ^Atlfe*)©}:: 

±mmm\^tco mm^ti^msTf^ a^^#j«i 8ic^t^#, i^^iams s-c. 

pH7. 2 (NaOHTH^) T?2 4^^ff:3fe, ^#i5^;Un-X««^;i^n- 
XCI I-5=-Xhyn- (fn^teM^XH) lc:J;D«iJ^bfeo 
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mi7 

^^M^ , 

^/H"^*! 12% 
CSL (02^:fea<bXM) 5% 



Tx:^/-;WLG 1 2 6 




0. 1% 




^18 


1 


2 


3 


4 


31^* (wm) 


0 


0. 5 


0. 5 


0.5 




2 0 0 


2 0 0 


4 0 0 


6 0 0 


mi 9 

limits 


1 


2 


3 


4 


(g/L) 


5 9.4 


3 6-6 


2 0.1 


54. 5 



1 3 ] X5^x UfcT«3UMG1655t5|cdl d Jt-fe^^^ct^Of^M 
MGl 6 5 5i^*5l5yyADNA<Z)d 1 dJt^^ia^MJ^Ojte^lf ^IdS"^ 
V^T^M^nfe, CAACACCAAGCTTTCGCG (@H^J#-^9) t T 
TCCACTCCTTGTGGTGGC (@H^J#^10). AACTGCAGAA 
ATTACGGATGGCAGAG (E^J#-^1 D tTGTTCTAGAAA 
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GTTCTTTGAC (SB3^J#-^12) SffiV^TP CR^fr«p.fc, =Jie>nfe:7^ 
> h ^-etl^n^ ^M#^H indlll^Pstl, PstltXbal 
Ttmbf ^n^'tlJ^l 1 4 0 bp© r^^/fp^^h^^tfe^ dcD 

:7 7^p^>h&ta^^^tt:/^X^ HpTH 1 Sc s l (Hashimoto-Gotoh, T., 
et.al.. Gene. Vol. 241(1). ppl85-191 (2000)) ^^Hindl I I.> XbalT 

H<&iHiiRbfeo doy^x^ H^^MG 1 6 5 5m\z3 ox^xmM^m 

g/m 1 S^tPLBS^5cr?'W-Mcm^b. 4 2'C.T^WrS3n--Sr#fe. . 
LB^#:^^ (3ml/^^W) \zmmV. 4 2t:T 3~4NfF4. ^ch-S^^b 

fc, jin^-»if;i/3nn-3&«#e.nsj:"5JC3i^ic^^ (1 0-2-1 o-«@gf) 

b> LB^^:/V— Mc^^b. 4 2'CT— Bfe^^L/. 3D-— ffi^b 

;fc3Dn-<D4'5&^e>iif^aiici 0 0 uu-—^\f.v yzr\^x^n^n^i.B 

^^yk-h^:^7n^A7xnn-;H 0 jtz g/m 1 ^^tfLBI^^c^T'V— hlc 
^W$-&r L Bii5«c::^W b fco^^^Wf s n ^ A:7xnn— n 

d 1 dS^tJ*?I2. Okb^jt^iii|g$iir> d 1 date^^a^j&t^^^bTlr^^^ 

<&^^b> &,±.^m^t^^u—y^d 1 d^^^5^tb> #e>n;^^^MGi e 
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5 5 Ad 1 dWt^^VfCo 



PCT/JP2004/014037 



imMmi4l MG 1 6 5 5 Ad 1 dt5|c{Cj:§D-am^]S 
HU^^^L/TH^:77;^ntCl/^tlfeLB Broth, Millerig^?^ 
(Difco24462 0) 2 5ml \ZUG 1 6 5 *fe»MG 1 6 5 5 A 

d 1 dW'^m.Mv. —m. 1 2 0 r vm-vrnw^m^n-otc. ^^ommrn^^ 

^2 OiZ^^m^<DmM4 7 5 gCOAo^ABLEa^^^^SBM J - 

oi<Dmmm\z^v. mm^n':>ito mm\tizmfB.T. m^mo. 5vvm. m. 

}!^jgm2 0 0 r pm. i^^M^S l'C> pH6. 7 (NaOHtf^lE) 6Nf 

^^xmWKD^M^^mzVftfii^xmMvr^io mg i e 5 5M> mg 1 e 5 5 
Ad 1 d=^^n^n^wi Id. Ad 1 d tm^vx 4 s m^^om^^m 2 1 



m2 0 



Glucose 



10 0 g/L 



NagHPO* • 1 2H2O 
(NH4) 2SO4 



6. Og/L 



6. OgXL 



KH2PO4 



3. Og/L 



NaC 1 



3. Og/L 



Mg SO4 • 7 a Q 



0. Ig/L 



0. 5g/L 



5. Og/L 
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^2 1 



4 8m^'^<DmM 



W.i 1 d 



Ad 1 d 



D-5 

mmmmm 



2 6 g/L 

4. 5g/L 

5. Og/L 
1 4 g/L 



2 2 g/L 
1. Ig/L 
1. 55g/L 
9. 5 g/L 



^2 2 

Wild Ad 1 d 

D-%mW^M Seg/L 4 1 g/L 

tfJUf^mH^Bia 5.. 8 4g/L 1. 2 6g/L 

^mwmm 3. asxl og/L 

i^M^^S 1 2 g/^L 1 1 gXL 

[^SS^J 15] Xv'x UtT-3UMG1655pfK dl dS^^^^^ 

|4T#fc:/^X^ HpTHAp fl^, MG1655Adl d*5|cJC?^K 
^U^Ay3LZiZi—)Vl 0 M g/m 1 ?&'^tfLBI|^5c:/W'-Mc:^Wf 

g /m 1 ^^tP L B m^':fl-- h \zm^ b , 4 2 t^T^ WT S n D ?Sr#feo 

#e»nfei7n->5&^6, mMm5tmmzn^^t}z^r)MG i e s 5 d i d. 

p f 1 jt^^^**^®l#b. MG165 5Apf lAdl dWt^^Vfto 



38 



wo 2005/033324 PCT/JP2004/014037 

L^MMl 6] MGl'6 5 5 Ad 1 MG 1 655Apf lAdl 

CD 1 d hA^m,^^^—<^M'A 

IISSI^!l2T#;/c:/^X5 HpG 1 y 1 dhA<&. MGl 6 5 5 Ad 1 d^. M 
G1655Apf lAdl d^ld^n-^nJ^Sfe^-TS t ICJ: I? , MG 1 6 5 
5 Ad 1 d/pG 1 y 1 dhA^^, MGl 655ApflAdld/pGlyl 
dhA^^#fec 

LMMMl 7] MG 1 6 5 5^, MGl 6 5 5 Ad 1 dW. MG 1 6 5 5 Ap 
f 1 MG l655Apf lAdl d^, MG 1655Adld/pGlyl 
dhA**. MG1655ApflAd.l d/pG 1 y 1 dhAm\Z^^D-%m 

mmmiiVX^^y^X:n\z\^^nrcl.B Broth. Miller^^^iK 
2 SmUCMGl 6 5 5*5^. MGl 6 5 5 Ad 1 d**. MGl 6 5 5 Ap f l^^lc, 
MG1655ApflAdl dW. MGl 6 5 5 Ad 1 d/pG 1 y 1 dhA*5|c. 
MG 1655ApflAdl d/pG 1 y 1 dh Am^^tl-^timMV. — Bfe. 

1 2 0 r pmTM#Jt«^ffo;^o ^^<Dmmmm±m^. m2 0izm'fB.^(^ 
mm4 7 5goA^feABLE^fci8^^^gBMj-o Kommmiz^v. mm 
^n-Dfco mm\ti^m,srf> mm.mo. swm. m.i^mm2 o o t pm. mm 

urns IX:. pH6. 7 (NaOHTaiM) T 9 6 ^r^ff ^^i^T^. H 

9 6mm^<Dm^^^2 siz^-To mm^u^n^n a. b> c. d. e> f 
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^2 3 
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XS^x U fcT • n U © 1 d h Ajt^^(DJt^@S^Jt^-rTtC#^$tlTViS (G 
enBank accession n umb er U36928)o if^J^)]/ 
7'bh'3-U>'m^fcHP^':J — if (GAPDH) :/n^— iS'— §^#-r Sfesb 
Xv'xU tT • 3UMG1 6 5 5|5|c<Dyy ADNA^5^>:;/'1>— htCfflV^TAA 
CGAATTCTCGCAATGATTGACACGATTC (MM^^l 3). 
JttKACAGAATTCGCTATTTGTTAGTGAATAAAAGG (SB 

mm^i4) \z^r)PCR^'vmmv. m^nrzDN Ay ^if^>h^mmmm 

EC oR ITt^kf^JlilTj^l 0 ObpOGAPDHya^:— iS'-^n— Kt" 
S :7 ^ if > h $ e, IdD -^^5^1:: H D>/*:J— if i^jtaffS^F ( 1 d h A) 

Sfe86^CX$xxUfcT • nUMGl 6 5 5<5^<Dyy ADNA^5^>yi^ 
— hJCffiV^TGGAATTCCGGAGAAAGTCTTATGAAACT (12 
^J#-^l 5),RtKCCCAAGCTTTTAAACCAGTTCGTTCGGG 
C (@H^J#^16) tc:J;t)PCRl5feTiiilib> #e>nfeDNA:7^if^ > h?&ftl 
ISl^^E c o R I J^OT i n d I I I T^i'fbf § Jl iiT^ 1 . 0 k b p ©D 
m5^fcHny^-if;^jijte^ (1 dh) :77i5f^ > hS#feo ±fB©20<DD 
NA:7^if;>t>h^:/7X^ HpUC 1 8 <&^mffi^mE c o R I RtKH i nd I 
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^fl6*^LB^fi&-e3 0*CT— Bfe^^b, #e>n;fe^#:*^e>::^^X^ HpQAP 1 
dhA5&[HliRb;^o dOT'^T.S HpGAP 1 dhASMGl 6 5 5 Ap f 1;A 
d 1 dmzmnmWkV. T>fc!'>U>lMg/'mLS:^t^LBIi^7'l/-7h'e3 
7t:— Bfet* S3:tJCJ:DMGl 655Apf lAdl d/pGAP 1 dhA**J& 

C^HS^lll 9] X>^3:-yfcT • 3UMG1 655ApflAdl / 2^ 

± 1 d h A:/D^:— rJ'— 0GAPDH:/Dt— iS'— 'sOSgl 

Xi/xU fcT • 3U©^yADNA<D^4iSg22?!Il:i^^T2b«5 (Ge nB an 
k accession number U 0 0 0 9 6), Xi^x U tT >• n U O 
1 d h Aaife^®ii»@B^Jfe#'^$nTVi^ (GenBank access! 
on number U 3 6 9 2 8)o XS^xU kT • n UMG 1 6 5 5^fi^ 1 

dhA5t^^^®5* m.mmi^ommf^mm.\z^r3\^x^^^ntt.. aaggta 

CCACCAGAGCGTTCTCAAGC (gB^J#^17) i:GCTCTAG 
ATTCTCCAGTGATGTTGAATCAC (ia^J#-^18) ^ffiV^T. 
X>-xUbT • 3Ud7'yADNA&iiMa:bTPCR&ff"5:ii:lCJ:f3J^l 0 0 
0 b p CDDN A^M-^ii"liUfco 

Sfe, X->xUt:7 • nUMGl 6 5 5^(Di^U-fe:;l/5^t: H 3 - U >^xt F 
D^:?— if (GAPDH) :/n^-a'-oiB^J1f#lcS-:5ViTf^li$n)bGGT 

CTAGAGCAATGATTCACACGATTCG (@B^J#-^19) tXv' 
xUbT • 3UMG1 6 5 5^©1 d h Aitfe^^OiB^JIf 3pa(C^'::J(/m'^M$n 
feAACTGCAGGTTCGTTCTCATACACGTCC (gB^J#-^2 0) 
^ffiV^T> I^M^^Jl 8Tff^^L/fe!^^^^i$'-pGAP 1 dhA&^M^ibTP 
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e>35:S*iI 8 5 0 b p ©D N A :7 ^ > b 

Xba I s t FpTH 
1 8 c s ISKpn I tP s t I'Vmithxm^tl^y'^if:^>htU'^h. U 

^H&iaiRb, pTH-GAP 1 d hA^i^^Ufe, pTH-GAPldhA^ 
MG 1 6 5 5 Ap f 1 Ad 1 d 3 O^CTJ^K^^b, ^ D 7A7x:nn— ;i' 

10m g/m 1 &^tyLB«5cyi/- h{c3 o'xzi^-mmmh. j^m^mi^^m^ 

irD^A:7xnzi— ;n 0 p, symi^^t^LBm^':^u—h\zmmVs 4 2*0 

3 0*0—8^*^^^. •^^\zmm^'k^:f^^^TuBm^':/u-h\,zm^hx4 2t:T 

n^m^J<&-g-*;^ViLBa^^:/l/-h<i:i7D^A>'xnn-;H O m g/m 

$e){c:J*Jine)0@6<J^P->©^fi#:DNA;6^e>PCRlc:ckf9GAPD 
H-fU^-^-ii 1 dhAJte^&^tfl^8 0 Obp^M-?£iii|i$i±. 1 dhA 
:;^n^-i$'-Mi^)&tGAPDH7'n^-i§^-tCgm$nTViS^*il^b, 
^^Sf Si7D->*MGl 6 5 5 Ap f 1 Ad 1 d/GAP 1 dhA^/AW 
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imMM2 0] MG1655ApflAdl dm. MGl655Apf lAd 
1 d/pGAP 1 dhA^. MGl 6 5 5 Ap f 1 Ad 1 d/GAP 1 dhA^ 

m^mtVX~My^7.:niZ\,^nrchB Broth, M i 1 1 e r^^^ 
(Difco24462 0) 2 SmLlCMGl 655ApflAdl dm. MG 
1655Apf lAdld/pGAPl dhA|5|c, MGl 655ApflAdl 
d&p f 1 B/GAP 1 dhAyyA#A»^-en^n*tMb. — Bfe, 1 2 0 r 

pmT^j^^^sffofe. ^^(Dmmmm±m^. ^;v3-xi2 0g/L, n 

lL^(D^«lf (ABLE^hM^^^gBMJ-O 1) iC5^b, :©^&ff •=» i^Sib 
^m:^^T. )i^«0. 5 vvm, timmm2 0 0 r pm, :^«MS3 St:, 
pH7. 2 (NaOHT^M) T^;i/n-X5&^'tt?i-r§*Tffo/^o :^«i^T^. 

#e>n;rc^^^^©D-?L^#n«?£HP L c^Mmz^^-Dxm^vrco 

M 1 fc^-To ^n^n(DD-%mm^mmt. MGiessApfiAdid^ 

idU 8B#rBlTl 0 9. Og/L> MGl 6 5 5Ap f 1 Ad 1 d/pGAP 1 d 
hA»^4 8P#F^T1 15. 6 g/^L. MG1655Apf lAdl dXGAP 
1 dhAy/AtfA*5|i*^3 O^^Tfl 1 3. 5 g/LT^o:/S:, 

[^SSM 2 1 ] Xv'x UbT-nUMG1 655Apf lAdld Amd h^5|c 

Xv'x U hT • n U (Z^yy ADN A<D^JtiSSa2?!l«^^T^ D (G e n B a n 
k accession number U 0 0 0 9 6). Xv'o: U tT • n U © 
md hJte^®*iS@3^J nxv^S (Genbank accessio 

n number AE 0 0 0 4 0 3)omd h^n— Ht*§gt'e^(9 3 9 b p) . 

<DmMm^Mmmm^^u-::i>^-r^rc^. @2^j#^2i. 22, 2srxS2 
^j^wrsy^-r^-tts '^Ki^wcKpn mTOfi^. @b^j#-^2 2^23 
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CDmSBB^J^WT^y^-f "^-J*5 ' ^^m^B amH I M^SB^^x iS^J#-^ 

Xi^xU by • 3UMG1 6 5 S^oy/ADNA^. Current. Pr 
otocols" in Molecular Biology (Joh nW i 1 
ey & Son s )IB«0;^fe(C<fc ADNA 1 m g 

iB^J## 2 1 i@a^J#^ 2 2 . @B^J#-^ 2 3 tmn^^ 2 4 ©m^'&t)-!^^. ± 
IB:/^-f -7— DNA^^ 1 0 0 pmo 1 tSfflV^T; il^O^lj^^TP C R^ff ^5 
diiiCcfcO^S 0 Obp (RTmdh-LifittB^^Nini:^^^^) RtJ^. ^1, 
OOObp (Srfmdh-Rm^tm^ZLti()^$>^) (DDNAmh-^mmL'Tc^o 
Z.(ODNAm}^'S:7:^a-:x,m^mb\ZX^m. HIJKb. mdh-L|ff>T-SKp 
n I IkZSB amH I T> md h - R^it^B amH I ISlXSX b a I T^tl^'tl?^ 
'fbbfeo Cl©mif)t2@<i:. HpTHl 8 c s 1 (Ge n 

Bank accession number AB019610) 

(Hashimoto-Got oh, T., et.al.. Gene, Vol. 241(1), ppl85-191 (2000)) OKp 
n IRtJ^Xb a Umbtlt^T4DNAU;^f— ifT^jiSL/ZS:^. X->aiU tT • 
3UDH5 Q!:3>lfT->b-fe;V (^n<:t) tC?^Mj|g|febT> mdh^fen-Ht* 

2js::/^7.^ H^^pTHAmdh t^^Sbfeo 

HpTHAmdh^Xi/'xUbT - nUMGieSSApflAdl 

MG 1655ApflAdl d^^m#bfco 2^*^fe^MG 1655Apf lAd 
1 d Amdh<5^i:^sSb)fe:, 

[JttS^^J 1 ] X^^x UbT-nUMG1655Apf IBAd IdAppc W<D 
Xv'x U fc:T • n U (D^y ADNA®^liSS3^J«^^T^ ^5 (G e n B a n 
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k accession number U 0 0 0 9 6). Xv'xU tT • 3 U ® 
p p c 3t'S'PtoiiSga^J'b#^c?tlTViS (Genbank access io , 
n number AE 0 0 0 4 6 9)o p p c S3— H'TSst^^ (2. 6 5 2 • 

bp) (Dm.mm^i7&Bm^^^o-=->'i^'^^^^^^ @b^j#^2 5, 2 6. 27 
sa^j#-^2 6> 2 7 (D-f^-c^-us 'm^m\zxh a immm^^^ mmm^ 

Xi/xUkiT • 3UMG1 6 5 St^oyyADNAl jLtgi:, @B^J#-^2 5;t 
@2^J#^2 6. @H^J#-^2 7 i:@B^J#-^2 8 ^^-f^^^—D , 

NA^^ 10 0 pmo 1 ii^m^^^X.m'^O^kWXPCR^n^^UZ^^mi, 
4 5 0bp (JEi^Tppc-L®fM-iP?^Jlid^^§) *?j7 5 0bp (OT 

p p c -R|lT>T-.hiq^^>Jli:55>^^§) (DDNAifM-Sii'lib:/ho JlODNAITrM^S 

r.^u-:;^mmMmizx^m. nuRb, p p c -LifM-<£H i n d 1 1 1 slcj^x 

b a IT?, p p c -R^H-?^Xb a I ISlZSS a c I T^n^nmUfe. Jl®^^ 
{bifit^St. HpTHl 8 c s 1©H i nd I I imSS 

ac Umbi^-J;ST4DNAU:3tf-ifT^)iSb;^^. X->xUtT • 3UDH5 
aa>\^7->h±)V (SA'-fJi-) tCJ^M^mUT. ppc^fep-H-rSsi^^® 

HSpTHAp p c ^i^^Sbfeo 
-^^7.^ HpTHAp p c Sxe/xUbT • nUMGl 655Apf lAdl 

dm\zmmM.m\^. mj^s^jjcp p cit^=f^timm^ntzMG i e 5 sis^a p f i 

Ad 1 dJ^Sm#Ufeo 2^t5|cSMGl 655ApflBAdl dApp c^t^ 

Xi^xUkT • nUMGl 655ApflAdldAfr dWOjfl^m 
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X'>x U tr • 3 U (Dtfy-ADN A<D-^mMUnWj>m'^^ O (G e n B a n 
k accession number UO 0 0 9 6)> Xv'xU tT • 3 U® 
f r dite^(^:^S@B^Jfe^^^tlTVi^ (Genbank access io 
n n umb er AE 00048 7)o:^^mM'^iK^^U,^^ f r datfe^^-^, 
f r dA^n— l^-r-S^t^^d. 8 0 9bp). f r d B<£3— H"r^at^^(7 
3 5bp), f r dC^3-F-r§3t^^^ (3 9 6 bp), l&ZSf rdD^:3-H 
T^jte^ (3 6 0 b p) C[>4ffi^051^^<&^tr3l^-?T*§o f r d5t^^ 

cDmssa^Jjfi^M^^^i^n-nvi^i-sifejse), E^J#-^2 9, 3 0, siRZ^s 

#■^2 9 coy^-r -7— 5 ' mmmiiZE c or i @b^j#^ 30,3 

-^■eot^gpicH i nd 1 1 imm^&.'^^ti^nmvxi^^^o 

xe/xUtT • nUMGl 6 5 5m<Dif,yj^DNAl tisils @a^J#^2 9 <h 
@2^J#^3 0, SB^J#-^3 1 i:gB^J#-^ 3 2 oa^'&^bii-T, ±IB:/^-f "T-D 
NA#^ 10 0 pmo 1 t^ffiV^T, SS0^1^-eP CR^fr^ Jl^itCd; 0^6 
OObp (SKTf r d-l.mh'tm^Z.tfl^^,^) RtX. ^SOObp (OT f 
r d-RIUfM-iP^^SltT&^feS) ©DNA»fjt^ii<PiU}feo J:©DNA»fM-ST 
^n-xm^^SjfCT^H. igiKb. f r d-L8>fit<^Ec oR IRt/CBamH 
I f r d -RJ&fM-^B amH I RZSH i n d I I I -V^tl^nmitVtCo Z. 
(Dmitm)i2mt. Umm^^':f^7s^\^vTHl S c s l^EcoRIRtJCH 
indl limimt^T4DNA^J'ff'-^'V!^f^^V1t^. X$^xUbT-3U 

DH5 Q{n>e7^>h-fe;v (mn-r:t) ic?^MfembT> frd^n-nrsji 

T. H^pTHA f r dii^^blfeo 

y^;^^ HpTHA f r d^Xv'xUtiT - nUMGieSSApflAdl 
d*5|cJcj^!K^mb, i^J^fitliC f r date^*^?K^$nfeMG 1655ApflA 
d 1 di^^#. MG1655Apf lAdldAfr d^S^ih^^blfco 
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L^Mm2 2] X>^a:UbT •3UMG 1655ApflAdl d AmdhA 

Xi^x U tT • n U (D^rV ADNA<D^*gSIB2?!l«^^'^^ D (G e n B a n 
k accession number UO 0 0 9 6), X->xU tT* 3 U(D 
asp AJi^^CDi&SE^Jfe^ia^^nTVi^ (Genbank access i 
on number AE 0 0 0 4 8 6), a s p A^£3— F"rSjtfe^ (1. 4 

8 2 b p) (Dmmmnj5immm^^u—->'if-r^rcisb. @b^j#-^3 3 4v 

3 5]^ZS3 6lc:^-r:rU::f^i7^:;r^Hy^-fV-§4a-&^bfe, 
X^^xUbr • :3UMG1 6 5 5 W<p^ y MkDN A 1 ti St. iEI^J##3 3 t. 

NA^^ 100 pmo 1 t&fflViT, ji^O^^"rPCRSfT'5CtJc:<fcDi^9 
1 Obp (OTa s pA-L©fM-tP?^^Ili:55^*S) RO^. lOObp 
Ta s pA-RifJt^P?^<^^75^a5§) ©DNAifit^ii'liL/fco Il(DDNA©f 
)t^T:j!?D-X«m^l&lCT^ll. Is|iRb> As pA-L»fM-<i:As pA-Rir 
M^CDM^tfetCDNA Blunting Kit (^/t'Trt) T^f^^^^tS-fb 
bfcm. T4^'Jp?^l/:r^F^:f— if&fflViT^fe(:iT5 ' 5|5^*U VM^bb 
fco -[^^iam^^ttT'^Xa FpTHl 8 c s Sma I TMV 

Wh. JKiU^^^bbfcy^X^ H<&T4DNAU:«;-ifTS^S:b:fe^. x>/xU 
bT • :3UDH5 o:3>tf5^>h-lr;U (^AM^t) \zmm.UWk\^X. aspA^ 

^X^H^#T. d^y^X^ HSpTHA a s pi:#iSb:feo 

HpTHAa s p&XS^xUbT 3UMG1 655ApflAdl 
dAmdh^tdJ^M^ilb, i^l^^ItCa s p Aatfe^J&^^^nfcMG 1 6 5 5 
A p f 1 A d 1 d Amd h^^£#, MG1655ApflAdld Amd h A a 
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L^Mm2 3] Xi^xUfcT - nUMGieSSApf lAdl dAmdhA 
a s p^/GAP 1 d hAy/J^nxm<Di^M 

HJfi^Jl 9T#fc:/^X^ HpTH-GAP 1 dhA^, Xi^xUfcT-O 
UMGl 655Apf lAdl dAmdhA a s p**(c:3 O'CTJ^Mfeilb, ^ 

n^A:7xx3-;n o /a g/m i ^^-^t^LBi^^r/i^- hics o'CT-nfe^SI 
#:7&t#e>ns.k5tci7n^Ar7xxn-;n o /z g/m i ^^tJLBi^^c::^!/- 

n^S^J«:^*:'5:ViLB^5cyi^~h^ii7n^A:7xxr3— ;n O /ig/ml ^£ 
-^tfLB^^:/!/— Hd^W^ii:. ^'□^Ar7xxn-;i/iift^j4<Z)i7D— 
^y^Co $e>(c:«e:n^<D@6<ji^D->(D^fe#:DNA5&^e.PCR(c:J;OGAPD 
H':fu^—^—h 1 dhAjtfe^&'^ty^^lS 0 0 bpifn'^ii'la$ii:> I dhA 

^iiST^^n— >$MG 1 655ApflAdl dAmdhA a s p/GAP 
1 dhA^VA#A^i:^^Ufeo 

X->xU tT-nUMGl 655ApflAdl d Amd h^C j;'g>D -?LM. 
Hff^^i:UT42^(DH:^:7^XntcAnfeLB Broth. Mi 1 1 e 
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mm (D i f c o 2 44 6 2 0) 2 SmUC, Mmmi 5T#;'^X>'xUtiT • 
nUMGl 6 5 5 Ap f 1 Ad 1 d^, mMm2 1 T^feXS^x U t:T • rnUM 
G1655ApflAdldAmd ht*> it^M 1 l?#:fex>/x U fcT • n U M 
G1655Apf lAdldAppc^, Jt$!^M 2 T#:/5:X$/x U hT • n U M 
G1655Apf lAdldAfr dm^W\^^zmmV. —gfeS Ot:. 1 2 0 r 

BMj-oi) ic, m2 4iz^'rmM4 7 5 s^xtLrch<D\z. ^i^\z±my^ 
x3i*i^<^^a^*tMbfe, :^««;^MJET. iiM«o. 5vvm. mwmm2 

0 0 r pm. :@«?a^3 St:, pH7. 2 (NaOR-eM^) 2l^rBlffofeo 

^miZ-O^^XU. A V f l Ad 1 d Amdhl5|j^^3 2Btr^-e8 9 g/L#^l/, 
A p f 1 A d 1 <im-^m^<DWm'&^\^rc<D\zMVX. a p f l a d l diA p p 
cm. Ap f 1 Ad 1 d A f r dt5|cT«^n^tl5 6 g/L, 7 1 g/LT^o 

aMm^Z-Dl^^XJit. Ap f 1 Ad 1 d^iiO^S 2^^1T3. 8g/L^^bfe 
^24 

yH'>«l 12% 

[|IS£^J2 5] Xi^xU tr - nUMGiesSApf lAdl d AmdhAa 
s pW^^XSMG 1655Apf lAdldAradhAas p/GAP 1 d h A 
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Sa^#i:bT3:^(30H^:7^;:?.ntcAn}'bLB B r o t h, M i 1 1 e r ^ 
mU (D i f c o 2 4 4 6 2 0) 2 5m UC. ^Ji^2 2T#;feX->xU t:T • 
:nUMGl 655ApflAdl dAmdhAas vWt. ^MM2 3T#fcX 
z^3L^) bT • nUMG 1655ApflAdld Amd h A a s p/GAP 1 d 
hAyyA#A*. :^^rmtkm2 ll?#feAp f 1 Ad 1 d Amd h^&m 

icmmu. -ms ox:. 12 0 r vm^mwrnm^ff-o-^. ^O^. 3-&©l L 

(AB L Eth^^H^gBM J -01) \Zs ^24 iC^f ^:Nfe4 7 5 g 
®^»0. 5vvm> m*^ji^2 0 0 r pm, ^^mS^S SIC. pH7. 2 (N 

^mK-Dl/^XIit. Ap f 1 Ad 1 dAmdhAa s p^5|c*«4 8BtFBll?9 1 g/ 
L, Ap f 1 Ad 1 d Amdh^*«4 8^^T9 0 g/L 
(DJc^fbT, Ap f 1 Ad 1 d AmdhAa s p/GAP 1 dhA^/*yA#A^ 
Tt^2 4I^F^-e9 8 g/L<Z)^«&5^bfeo 

:7'7;i<'mJC"C?ViT«, Ap f 1 Ad 1 d Amdh*|cj&t4 8Bt^lT0. 0 3 7g 
/LcD#^<£^L/3^C0JC^bT. Ap f 1 Ad 1 d Amd h A a s pt^ctAp f 
1 Ad 1 dAmdhAa s p/GAP 1 d h A^/ A#A^Tt*4 aB#FBlTO. 
0 1 g/L©#^S^bfeo 
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PCT/JP2004/014037 



m ^ (o m m . 
1. t!;i/^-h3i^;i-p^-bUT— (p f 1) (Dmm'^m^t&^^>\tm.mh 
^tiftmrnmi)^ ^mM'tmwr^ ^t^^WLt-t^. %m(D^M:^mo 

3. Xv'xUbT • nU/^^MT- 1 0 9 3 4 (PERM BP- 1 0 0 5 7) 

4. Xv-xU tT • n U fi5l5NADHife#ttD-^^5'b H P^^:^— ^ ( 1 d 
hA) fi§WtJi^$n> d^'^t!;V^-b5j^;i/pt-hUT— !f (p f 1) flU^*^ 

UT— -If (p f 1) fll'l4/&^^fi5<bab§Vif$<gM<t;snTViS, j.oX^feJtxv' 

xUtT • 3US5l5NADH|fe#14D-^m5^t:Hny-^-if (1 dhA) 

9 . «fflM*«X'>x u by • 3 u 8 iztsmom^^o 

1 0 . M^]^ 7-9 (Dmm^-miz^mo^w^m^mi^mmxmmv. mmm 

11. 2@e/i±cDT^yi^3&^^jn$nfe^:a&TS^-rsiii:&#m2:-rs. 
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1 2. FAD>§fe#1*D-5H.m5^bHny:^-1f (d 1 d) f^m^^mit^^^l^^ 

1 3 . WL^mmmx-^^mim 1 2 \zmm,<D:^mo 

14. ii^^^xv'x u bT • 3 u x$>^m^m 1 3 iciBm<^:^^o 

D-^^5^bHDy:^-if (1 dhA) ^3- Hf^jt^^Ti*, ^3^5^, 
&^fflf S;ii:T^NADH|fe#14D-|LM5^bFn^/*:?— if (IdhA) 

1 6 . m^#i:!&^'x>>x U bT • n U X'$>^mMm 1 5 Jc:t3«(^iS:^«^o 

1 7 . M#^tld^2^5t5WbTVi^ b;^'^- h3j>;i'^- h U T-if (p f 1 ) ?S ^ 

m^^it^^^^it^^it-^nxif^^. R-^y^tMF AD^^I^D -^^-r^b 

HP^th— tf (d 1 d) mm^^mit$>^\^^\t.i&mit-^nx\^^^z:t^^WLtT 
1 5 x«»^:® 1 6 \,zmm(Dm±i^o 

18. Xv'oiUbT • 3U©y/A±J3:feViT. X->3:Uby • 3U*5fe©N 
ADHfe#'I4D-?LmT'bHD>J/':^— if (IdhA) H*rS3i^^^©>^D 

^NADH^fe#&D-am5^bHa'Jr>-1f (1 dhA) *^^t*SXi/xUb 

1 9 . X$^x U bT • 3 U ^^m^'&^^^X^T^ /m^'&^I^JCll 

U"fe;i/T;i/7^b H 3 - U >m^\i Hny:^-ifmfe^®:/a^-i5'-Tab§M^ = 
]gl 8iam©Xi/xUbT • 3U, 

2 0 . MXv'x U bT • n U /&t2^5feWbTVi§ b;i/^— h7l^;i'^— h U T— if 
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— if (pf 1) S'l^J&t^filYb^SVittigM'fki^nTVi^, B.O/^fc«FADfe 

#ttD-^m5^tiHny:^-if (d 1 d) mm^^^it^^^^^^Mit-^nT^^^ 

2 3. mm^J^*^2^5l5^bTViSTX/l7^>mT>t-TUT"— if (as p 
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2 6. Xv'xUtiT-nUS^^NADH^fe^tiD-^Lm^^tiHny:^— if (1 
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3 0. a^^#;«>m^3 O'COTlc&^^^ib^cJ©'^. '^iET^^^Kl^M^iC 
KLaji)nh-i£il±4 0 Oh-iOTt;^SJ;"53^^#TB^b#§^m#^)^^-Sirtl 

t"r^^#Ta5§eit^#i!(a:i-^it5it:^2 9 iciHmo^mo^igiJ^^o 

3 1. ^^pHd^6-'8-lf^Silt^#i!iL<i:T^m:^:igl~6> 10~14, 
2 1, 2 8 ~ 3 0 (DiSjni)^-'mz^m.<D%Wt(D^:&mo 
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SEQUENCE LISTING 

<110> Mitsui Chemicals, Inc. 

<120> A Biocatalyst for producing D-lactic acid 

<130> F000364 

<160> 36 

<210> 1 
<211> 34 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> primer for PGR 
<400> 1 

ggaattcgtc gaccggctcc agttcgaagc tggt 34 

<210> 2 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for PGR 
<400> 2 

ggaattctga ctcagctaac aataaaattt tt 32 

<210> 3 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for PGR 
<400> 3 

ggaattccgg agaaagtctt atgaaact 28 

<210> 4 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for PGR 
<400> 4 
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cccaagcttt taaaccagtt cgttcgggc 29 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> primer for PCR 
<400> 5 

gcacgaaagc tttgattacg 20 

<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for PCR 
<400> 6 

ttattgcatg cttagatttg actgaaatcg 30 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for PCR 
<400> 7 

ttattgcatg cttatttact gcgtacttcg 30 

<210> 8 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for PCR 
<400> 8 

aaggcctacg aaaagctgca g 21 

<210> 9 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Primer for PCR 
<400> 9 

caacaccaag ctttcgcg 18 

<210> 10 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 10 

ttccactcct tgtggtggc 19 

<210> 11 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 11 

aactgcagaa attacggatg gcagag 26 

<210> 12 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer for PCR 
<400> 21 

tgttctagaa agttctttga c 21 

<210> 13 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 13 

aacgaattct cgcaatgatt gacacgattc 30 

<210> 14 
<211> 32 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 14 

acagaattcg ctatttgtta gtgaataaaa gg 32 

<210> 15 
<211> 28 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer for PCR 
<400> 15 

ggaattccgg agaaagtctt atgaaact 28 

<210> 16 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 16 

cccaagcttt taaaccagtt cgttcggggc 30 

<210> 17 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 17 

aaggtaccac cagagcgttc tcaagc 26 

<210> 18 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer for PCR 
<400> 18 

gctctagatt ctccagtgat gttgaatcac 30 

<210> 19 
<211> 28 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 19 

ggtctagagc aatgattcac acgattcg 28 

<210> 20 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 20 

aactgcaggt tcgttctcat acacgtcc 28 

<210> 21 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 21 

aaaggtacca gaataccttc tgctttgccc 30 

<210> 22 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer for PCR 
<400> 22 

aaaggatccc ctaaactcct tattatattg 30 

<210> 23 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 23 

aaaggatcca aaccggagca cagactccgg 30 
<210> 24 
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<211> 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 24 

aaatctagaa tcagatcatc gtcgccttac 30 

<210> 25 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR • 
<400> 25 

acggagcatg acggcaagc 19 

<210> 26 ■ 
<211> 

<212> DNA '■ 

<213> Artificial Sequence 

<220> 

<223> Primer for PCR 
<400> 26 

aatctagaca ccccatctta tcgtttg 27 

<210> 27 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR • 
<400> 27 

tttctagatc ttcctcttct gcaaaccc 28 

<210> 28 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 28 

ctttgagctc acgcgaggcc aggttatc 28 
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<210> 29 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 29 

agtgaattct cacagccagt gcgccga 27 

<210> 30 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 30 

agtggatccc gcatcgccaa tgtaaatcc 29 

<210> 31 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 31 

agtggatccg acattcctcc agattgtttt t 31 

<210> 32 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 32 

ataacgcaag aaagcttgtt ga 22 

<210> 33 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
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<400> 33 

ttttgagctc gatcaggatt gcgttggtgg 30 

<210> 34 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR 
<400> 34 

cgaacagtaa tcgtacaggg 20 

<210> 35 
<211> 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR : 
<400> 35 

tacgattact gttcggcatc gaccgaatac ccgag 35 

<210> 36 
<211> 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR • 
<400> 36 

tttttctaga cctggcacgc ctctcttctc 30 



8/8 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl'' C12P7/56, C12N1/21//C12N15/09 



International ^plication No. 

POT / JP2 004/ 014037 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl'^ C12P7/56, C12N1/21, C12N15/09 



Documentation searched other than minimum dociunentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, \^ere practicable, search terms used) 
BIOSIS/WPI (DIALOG) ^ PubMed, JSTPlus ( JICST) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


Zhou S. et al.. Production of optically pure 
D-lactic acid in mineral solts mediimi by 
metabolically engineered Escherichia coli 
W3110. Appl .Environ. Mi crobiol. , 2003 
January, 69(1), pages 399 to 407 


1-3,11,29-31 


Y 


JP 2003-159091 A (Inobakkusu Kabushiki 
Kaisha) , 

03 June, 2003 (03.06.03), 

Particularly, Par. Nos . [0003] to [0004] 

(Family: none) 


1-3,11,29-31 


Y 


Dym 0. et al.. The crystal structure of 
D-lactate dehydrogenase, a peripheral 
membrane respiratory enzyme. Proc. Natl. 
Acad.Sci.U.S.A. , 2000, 97(17), p. 9413-8 


11,29-31 



Further documents are listed in the continuation of Box C. 



□ See patent family annex. 



api» 



Special categories of cited documents: 

document defining the general state of the art which is notconsidered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priori^ claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) ' " y : j^^^^ 

. '■•* 'V- 

document referring to an oral disclosure, use, exhibition or othernfeans'- 

document published prior to die international filing date but later than the 
priority date dumed ,* 



later document published after the international filing date or priority 
date and not m conflict with the application but cited to understand 
the principle or theory underlying the invention 

'OC document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

.'' Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step wh'en the document is ' 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
15 December, 2004 (15.12.04) 


Date of mailing of the international search report 

11 January, 2005 (11.01.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCTASA/210 (second sheet) (January 2004) 



BEST AVAILABLE COPY 



BSTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/014037 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P/X 



Database GenBank accession No.AE000302^ 01 
December, 2000 (01. 12 ,00), Blattner F.R. et 
al., Escherichia coli K12 MG1655 section 192 
of 400 of the complete genome; 

Shaw L. et al., Vinylglycolate resistance in 
Escherichia coli. J, Bacterid. , 1975, 121(3)/ 
p. 1047-55 

Daisuke MOCHIZUKI et al., "Daichokin niyoru 
D-Nyusan Hakko Seisan no Kokoromi", Nippon 
Nogei Kagakukai 2004 Nendo (Heisei 16 Nen) 
Taikai Koen Yoshishu, 2004 March, page 43, 
2Allp22 



11,29-31 



1-3,11,29-31 



1-3,11,29-31 



Form PCT/IS A/2 1 0 (continuation of second sheet). (January; 2004). . • - 

fStJ^I AVAILABLE COPY 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/014037 



Box N6. 11 Ob^^lrvatiori^ Vyhere ceHaitt clainis W^|-e found ilnstorchable (Con tinuation of item i of fitit sheet) 

This international search report has not been established in respect of certain claims under Article 1 7(2)(a) for the following 
reasons: 
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because they relate to subject matter not required to be searched by this Authority, namely: 
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Claims Nos.: 

because th^ relate to parts of the intemational application that do not comply with the prescribed requirements to such an 
extent that no meaningful intemational search can be carried out, specifically: 



Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. m Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This Intemational Searching Authority found multiple inventions in this intemational application, as follows: 
(See extra she^t.) 



As all required additional search fees were timely paid by the applicant, this intemational search report covers all 
searchable 

claims. 

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of 
any additional fee. 

As only some of the requured additional search fees were timely paid by the applicant, this intemational search report 
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covers 



only those claims for which fees were paid, specifically claims Nos.: 



♦4 • 



1^ No required additional search fees were timely paid by the applicant Consequently, this intemational search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
Claims 1 to 3 and 11 and the parts depending on claims 1 to 3 and 11 
in claims 29 to 31. 

Remark on Protest d] jhe additional search fees were accompanied by the applicant's protest 

No protest accompanied the payment of additional search fees. 
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<Unity of invent ion> 

The inventions according to claims 1 to 31 are divided into the 
following invention groups. 

(1) A process for producing lactic acid which comprises culturing 
a heterolactic acid-producing bacterium having inactivated or 
lowered pfl activity in a medi\am containing two or more amino acids 
and collecting lactic acid from the resultant culture (the 
inventions according to claims 1 to 3 and 11 and the parts 
depending on claims 1 to 3 and 11 in the inventions according to 
claims 29 to 31) , 

(2) A process for producing D-lactic acid which is characterized 
by comprising culturing a bacterium having elevated Escherichia 
coli-origin IdhA activity and inactivated or lowered pfl activity- 
and collecting D-lactic acid from the resultant culture (the 
inventions according to claims 4 to 6 and the parts depending on 
claims 4 to 6 in the inventions according to claims 29 to 31) . 

(3) A microorganism having inactivated or lowered did activity 
inherent to the microorganism and inactivated or lowered pfl 
activity (the parts relating to a microorganism having inactivated 
or lowered pfl activity in the inventions according to claims 7 to 
11 and the parts corresponding to the microorganism- in the 
inventions according to claims 29 to 31) . 

(4) A microorganism having inactivated or lowered did activity 
inherent to^ the microorganism and elevated IdhA activity. (the 
parts relating to a microorganism having elevated IdhA activity in 
the inventions according to claims 7 to 11 and the- parts 
corresponding to the microorganism in the inventions according to 
claims 29 to 31) . . » 

(5) A process for producing D-lactic acid which cbmprises 
culturing a bacterium having inactivated or lowered did activity in 
a liquid medium, thus producing and accumulating D-lactic acid in 
the liquid culture and collecting the. D-lactic acid from the 
resultant liquid culture (the inventions according to claims 12 to 
14 and the parts depending on claims 12 to 14 in the inventions 
according to claims 29 to 31) . 

(6) A microorganism on the genome of which a gene encoding IdhA 
originating in Escherichia coll expresses the IdhA by using a 
promoter of a gene controlling the expression of a protein which 
participates in a glycolysis system, a nucleic acid biosynthesis 
system or an amino acid biosynthesis system (claims 15 to 21 and 
the parts depending on claim 21 in the inventions according to 
claims 29 to 31) . 

(7) A microorganism having a TCA cycle and inactivated or lowered 
mdh activity and further having inactivated or lowered pfl activity 
(the inventions relating to a microorganism having inactivated or 
lowered pfl activity in the inventions according to claims 22 to 28 
and the parts corresponding to the microorganism in the inventions 
according to claiias -29 - to 31). * ' ' _. .;>;::. * •.. 

(8) A microofgiatiism having a TCA cycle and inactivated or lower ed"r^^& 
mdh activity and further having inactivated or lowered did activity . 

(the inventions .relating to a microorganism having inactivated *or.i. r ' 
lowered did activity in the inventions according to claims 22 to 28 

and parts corresponding to the microorganism in the inventions 
according to claims 29 to 31) . 



(continued to next page) 



Fcrm PCT/!7-A/2i<)(cxtya sh^et) (January 2004) 



BEST AVAILABLh COPY 



INTERNATIONAL SEARCH REPORT 



International {Application No. 

PCT/JP2004/014037 



The matter common to the above invention groups resides in 
elevating or lowering the activity of some enzyme gene. However / 
this matter had been publicly known at the application of the 
present case without a need for citing examples. That is, the 
above common matter falls within the category of prior art and, 
therefore, cannot be considered as a special technical feature in 
the meaning within the second sentence of PCT Rule 13.2. 

Moreover, Escherichia coli having lowered pfl activity (see the 
following dociiment 1) ; Escherichia coli having elevated IdhA 
activity (see the following document 2) ; Escherichia coli having 
lowered did activity (see the following dociament 3) ; and 
Escherichia coli having lowered mdh activity (see the following 
document 4); had been publicly known at the point of the 
application of the present case, and therefore, cannot be 
considered as a special technical feature in the meaning within 
the second sentence of PCT Rule 13.2. 

Accordingly, there is no matter seemingly being a special- 
technical feature in the meaning within the second sentence of PCT 
Rule 13.2. common to each other in the above invention groups or all 
of them and, therefore, no technical relationship can be found out 
among these invention groups differing from each other in the 
meaning within PCT Rule 13. 

Such being the case, .it is apparent that the inventions 
according to claims 1 to 31 do not comply with the requirement of 
unity of invention. Considering prior art having been searched, it 
is recognized that the invention according to claim 11 relates to a 
plurality of invention groups as discussed above. 

Document 1: Appl. Environ. Microbiol . , 2003, Jan, 69(1), p. 399-407 
Document 2: Metab.Eng., 1999, 1(2), p. 141-52 
Document 3: J. Bacterid . , 1975, 121(3), p. 1047-55 
Document 4: J.Biol. Chem. , 1979, 254(9), p. 3570-5 
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Y JP 2003-159091 A(--t y^<iy^ 2003; 06. 03 1-3. 11, 29-31 

m^. [0003] - [0004] m^miyr^v—fjiU 



\E1 C|^<Oi^#^^lt,S:iSb5S3?lJ^$^l,■CV^5. 



roj nMieiisM^. -1^, m^m^mR-r^xm. 



r&j II— ^-'T'^'h^r ^y-JtiK 



15.12.2004 


11. 1.200 5 


^imm^fr (I sA/j p) 

0 0-891 5 


®i§#-f- 03-3581-1101 f 


4B 


3 13 1 


m 3 4 4 8 



«^PCT/I SA/2 1 0 (B2^— 5?) (2004#1^) 



BEST AVAILABLE COPY 



ffll^aiM## PCT/JP2 0 04/0 140 3 7 



c (m^) 



PX 



Dym 0. et al. , The crystal structure of D-lactate 
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